Background: Malnutrition among school-age children is due to inadequacies in one or more of the three main preconditions for good nutrition: food, care and health. Children stunted at school age are likely to have been exposed to poor nutrition since early childhood. Interventions for school age children can supplement efforts to reduce levels of stunting in the preschool years. Objective: To assess the nutrition status and associated risk factors of children in selected public primary schools in Dagoretti Division, Nairobi. Methods: Descriptive cross sectional design was used. 208 students aged 4-11years of both gender were randomly selected from four public primary schools in Dagoretti Division. Data was collected from school registers and directly questioning the students, parents /guardians. Results: Among the children surveyed, 24.5% were stunted, 14.9% underweight and 9.7% were wasted. There were more boys than girls who were stunted. Breakfast contributed 10.2% of the daily energy intake. Few children consumed foods from more than four food groups. Incidence of diarrhea, colds/coughs increased the risk of stunting and underweight.
Introduction
Stunting and wasting are wide spread among schoolage children in developing countries [1] [2] [3] [4] . High levels of stunting among children suggest that there will also be a long term deficit in mental and physical development that leaves children unable to take maximum advantage of learning opportunities in schools. Epidemiological evidences suggest a strong link between maternal and early childhood under nutrition and increased adult risk of various chronic diseases 5 . Malnutrition is usually the result of a combination of inadequate dietary intake and infection. In children, malnutrition is synonymous with growth failure. Malnourished children are shorter and lighter in weight than they should be for their age 6 .
With the high incidence of poverty and HIV/ AIDS, prevalence of malnutrition is also high 7 .
Malnutrition needs to be viewed as an indication of inadequate provision of some of the most basic of all human rights. It is also a reflection of inadequate investment and progress in a range of issues related to human capital development and has a significant influence on the future economic development of a country 8 .
A study carried out in Zambia among school children showed that 28.9% were stunted, 14.5% underweight and 3.9% were wasted 2 . Another study on nutritional status (stunting, underweight and wasting) carried out in Nyambene District, Kenya among pupils aged between 5-10 years also reported that girls were better than boys, although the difference was not statistically significant 9 . Another study in Pemba Island Zanzibar showed that the prevalence of stunting increased with age for both school girls and boys 10 . In Brazil school age boys were significantly more stunted than girls of the same age 11 . In a second study stunting was also found to increase with age where younger school children were reported to have a prevalence of just 2% compared to 16% among older school children in Bangladesh 12 . Another study in Brazil found that 21% of school-age children were stunted and 13% were underweight. Both indices of nutritional status worsened as the study population got older, particularly for boys 13 .
The main aim of this study was therefore to examine the nutritional status and identify the determinants of malnutrition among children in public primary schools in Dagoretti Division Nairobi Kenya.
Methods

Study setting
The study was conducted in Dagoretti Division which is within Nairobi Province. Dagoretti Division lies in the extreme Western Division approximately 20 km from Nairobi City. It consists of several unplanned settlement namely Dagoretti Corner, Congo, Wanyee, Githembe, Ngando, Lenana, Waithaka and Gachui Village. It is estimated that 30% of the total population comprises of long-term residents, while 70% have moved into the community from other areas (27). The area's demographics are characterized, amongst others, by a very rapid population growth above the norm for Kenya, which has exerted increasing pressure upon the basic resources of land, housing, water and electricity supply. This, in turn, has contributed to undernutrition, poor sanitation and low levels of environmental health.
Social-demographic information
A structured questionnaire was used to collect demographic data which included, age, sex and educational level of the children's parents. Data on morbidity occurrence, personal hygiene and food consumption was also collected.
Study Subjects
This cross sectional study was conducted between November 2009 and February 2010 in 208 children aged between 4-11 years in four public schools. Four settlements were randomly selected from the existing eight. From each settlement a school was randomly selected. These schools are registered public schools run by the government. Information from the schools' registers was used to stratify the children by sex and age and random number tables used to select the sample. Children who attended these primary schools in the selected area and were 4-11 years old were included in the study sample. Whereas children for whom consent was not given, those who were absent from school during the study period and those who suffered from chronic illness were excluded from the study sample.
Anthropometry
The foods consumed were classified into relevant food groups that were used to calculate food diversity. These food groups were cereals, legumes, vegetables, meat, dairy, fruits, root and tuber crops and plantains. A minimum of four food groups was considered as adequate diversity. The 24 hour recall was used to obtain the foods consumed for breakfast, lunch and supper. Amounts of foods/ meals served were approximated using standard cups, plates and measuring jug. The children were visited in their homes so that the researcher could administer the questionnaire to their mothers/ caretakers to obtain and record the 24-hour dietary recall information. All the ingredients in the meals and their weights were recorded. The ingredients of the packed school lunch were also recorded. Participants were asked to estimate the child's intake of a specified food using standard cups and plates and measuring jug. The utensil used to serve the child was displayed and the extent to which it fills was explained before the approximations were made. The combined caloric contributions of breakfast and supper (two meals consumed at home) were also computed using the Nutri-Survey programme. The adequacy of caloric intake was expressed as the proportion of the total daily caloric intake. Food tables were used to estimate the adequacy of the energy food consumption. Frequency of washing hands with water and soap at critical times was assessed. Children below six years of age were excluded to improve reliability of the self-reported hygiene practices. Anthropometric data, which included, height, weight and age was collected from the primary school children. Date of birth was obtained from the schools' records. EPI INFO (Version 3.3.2) was used to calculate Height-for-age (HAZ), Weight-for-age (WAZ) and Weight-for-Height (WHZ) Z-scores. Children with HAZ, WAZ and WHZ scores between -2.99 and -2.00 were considered to have moderate stunting, underweight and wasting respectively, while those with -3.00 and below were severely stunted, underweight and wasted respectively 14 . These variables were considered as the dependent variables during statistical analysis.
Statistical analysis
Data were analysed using Statistical Package for Social Sciences, SPSS (Version 14.0). Nutri Survey programme was used to calculate the caloric contribution of each meal to the children's daily caloric intake. Statistical analysis included t-test for proportions which was used to test the differences in proportions of children with adequate and inadequate diversity of diet, prevalence of malnutrition by sex and the prevalence of morbidity by sex and age. This test was suitable because the sample was randomly selected and the variables were categorical. Pearson product moment was used to test the relationship between the risk factors and malnutrition indices. This relationship was assumed to be linear. Statistical significance was set at p < 0.05.
Ethical consideration
The objectives of the study were communicated to the school children and participation was completely voluntary. Study participants provided written consent prior to participation. Informed consent forms were signed by the parents or guardians of the children before commencing the study and there was a 100% participation rate. The information obtained from the participants was not divulged and was held in confidence. Permission was sought from all the relevant authorities: Ministry of Education Science and Technology and from Kenya Medical Research Institute Ethical and Review Board.
Results
The sample consisted of children who were equally distributed between age 4 and 11 years. These age categories of children still need care and supervision, particularly in matters of personal hygiene. The children were also distributed equally among boys and girls as shown in table 1. 
Food intake
The children took the three main meals of the day that is breakfast, lunch and supper throughout the week. To determine the contribution made by each food consumed by the children, children's total food intake by weight was calculated. The foods were classified into 12 different food groups. The food groups found in the children's diet and their contribution by weight to the total diet intake are as shown in table 2. Tea/cocoa contributed the highest amount by weight (480.6g) and its proportion of the total dietary intake by weight was 21.1%. The total energy intake was computed and compared to the recommended daily allowance for each age set and by sex of children (15) these were 1352 and 1698 Kcl for 4-6 and 7-9 year age groups, whereas for the 10-11 year group, they were 2326 Kcl for girls and 2824 Kcl for boys. Only 17.3% of the children failed to meet the recommended daily allowance energy intake (table 4) . 
Malnutrition
The boys had a higher rate of stunting and underweight compared to girls. However girls had a higher rate of wasting than boys. These differences were not significant (table 5) .
Associated factors
The children in the four schools suffered from various infections whose symptoms included colds/ flu, diarrhea, vomiting, fever and skin rashes. Morbidity rates were significantly (p<0.05) higher among boys compared with girls among both 4-7 (table 5 ). The proportion of stunted and underweight children was inversely and significantly (p<0.05) correlated with children's energy intake, variety of foods, vaccination rate for both girls and boys and washing hands with soap. Diarrhoea and colds/cough were positively and significantly correlated to the proportion of stunted and underweight children. Wasting was inversely and significantly correlated with energy intake for boys 8-11years.
To identify the determinants of malnutrition, multivariate analysis was performed. Table 6 shows that boys aged 4-7 and 8-11years a higher risk of being stunted as compared to girls of the same age. Similarly children who had suffered from diarrhea and colds and flu had a higher risk of being stunted than those who were healthy. Risk of stunting was 3.3 times lower among children who had adequate energy intake compared to the children who took inadequate energy.
Children who took adequate energy had a lower risk of being underweight than those who took inadequate energy. Children who had four or more varieties of food had a lower risk of under weight than those who took less than four varieties of food. Children who had diarrhea, coughs/colds had respectively 3.1 and 2.2 times higher risk of being underweight compared to the healthy children. Washing hands with soap lowered the risk of underweight by 1.9 times. Boys aged 8-7 years who took adequate energy had 2.0 times lower risk of being wasted 
Hygiene practice
Washing hands (with -0.91*** -0.39* -0.09 soap) *p-values were significant at p<0.05, ** p-values were significant at p<0.01 and *** p-values were significant at p<0.001. p-values that are not starred were not significant at p<0.05. 1 
Pearson product moment analysis
Discussion
The impact of malnutrition is multifarious. It has an all pervasive impact on the physical well-being and socio-economic condition of a nation. Both bivariate and multivariate analysis indicated inadequate energy intake was an important risk factor for all the three indices of malnutrition (stunting, wasting and underweight). Other variables for example socio-economic status and educational level of parents could represent a source of bias. However this study demonstrates that malnourished children had significantly higher incidence of morbidity, inadequate calorie intake, low frequency of washing hands at critical times and inadequate variety of foods.
The findings of this study showed that the contribution of the cereal food group fell far below the recommendation of food based dietary guidelines of 55% (16: 17) . However the findings are similar to those of the 1999 micronutrient survey, which reported a relatively low consumption of fruits in Kenya 18 . Similarity the low cereal consumption and its highest contribution to the proportion of the total mean weight of foods consumed was not unexpected, since the community's agricultural activities had declined due to urbanization. Therefore, to a large extent, the community depended on purchased food rather than on own-produced food. The calories (less than 12% of the daily energy intake) derived from breakfast, equivalent to four slices of bread was too low to enable the children to perform adequately until lunch. This suggests that the children were hungry for a great part of the morning. Supper was a more important source of energy (45.3%) compared to lunch (44.5%). The low energy intake observed in this group is of concern. These findings are similar to the Pakistan study which observed that school children had lower intakes of calories for breakfast (less than 10%).
Conversely in the same study lunch contributed a higher proportion (46.3%) of calories compared to supper (44.4%) for the Pakistan school children 7 . The proportionately high contribution of lunch and supper to daily energy intake implies that more emphasis was placed on these two meals than on breakfast. The mean energy intake for individual children didn't meet the energy requirements for all children. However, 82.7% of the children met their energy requirements. This proportion of children was high compared to the Western Kenya findings where only 63.7% of school children met the recommended daily energy allowance 19 . Foods that provide the body with adequate nutrients to support all the functions are associated with good health 20 . The children whose energy intake fell below the recommended intake was an indication that even though the diet was varied, for some children the diet was still inadequate. It could therefore be suggested that for those children whose energy intake fell below the recommended, they were at risk of suffering from nutritional deficiencies. The children who did not meet the energy requirements possibly were given inadequate amounts of food.
Fewer children were served with four or more food groups (45.2%). These results are similar to a Pakistan study which found 42.2% of school children consumed four or more food groups 7 . Children who consumed foods from four or more food groups had a lower risk of being stunted and underweight compared to those who took foods from less than four food groups. The consumption of a varied diet is associated with increased intake of energy and better health 21 .
Children may be served with large servings of starchy cereals because they are bulky thus giving satiety value.
This study found that malnutrition levels were high among school going children just as in children below five years. The overall prevalence of stunting stood at 24.5%. The school children in this sample had a lower prevalence of stunting than in the study carried out in Zambia among school children where 28.9% were stunted 2 . Children with low height for age are stunted. This condition is usually associated with long term chronic malnutrition and long term factors such as frequent infection and poor feeding practices 6 . Children stunted at school age are likely to have been exposed to poor nutrition since early childhood 22 . Boys aged 4-7 and 8-11years had a higher risk of being stunted than girls of the same age. The high levels of stunting among boys could have been contributed by high prevalence of disease among boys which could also be associated to the low rates of hand washing with soap. Inadequate energy intake among the children could have contributed to the high stunting levels among boys than girls mainly because boys (above 10 years of age) require more food than girls of the same age 15 . It could also be explained by the fact that more girls than boys were involved in food preparation and therefore likely to consume more food than boys overtime. Further, since stunting increases with age, it is likely that more boys than girls were stunted in their childhood.
Stunting was found to significantly increase with age. These findings were similar to those of the study in Brazil which found stunting worsened as the study population got older 13 . This could reflect longer exposure to chronic malnutrition. Underweight rate (14.9%) was similar to that of the study carried out in Zambia among school children which found out that 14.5% were underweight 2 . Adequate energy intake, intake of four or more varieties of foods and washing hands with soap at critical times had a protective effect on the children against underweight. Conversely, inadequate energy intake, taking food from less than four varieties of food groups, failure to wash hands at critical times and incidence of diarrhea, coughs/colds increased the risk of underweight. Deteriorating standards of living, disease prevalence and increase in food prices could have contributed to the high prevalence of under nutrition. A child's Weight-for-Age measure reflects both previous growth and present nutritional conditions. Hence the high rate of underweight reflects the presence of both long term chronic malnutrition and recent food insecurity or illness. Underweight among school children can reflect prenatal under nutrition, infection and possibly inadequate attention by care givers 16 .
This could imply that the children were disadvantaged in terms of care and may have had inadequate intake of energy nutrients in the recent past. The high dependence on cereals and legume grains could have resulted in extremely high phytate and fiber content of these diets thus rendering the energy nutrient bio unavailable 23 . This prevalence of wasting was high (9.7%) in this group. The findings are different from the study carried out in Zambia among school children which found that 3.9% were wasted 2 . Another study in Nicaragua found that 5% of school children were wasted 24 . Boys aged 8-11 years who took adequate calories had a lower risk of being wasted compared to those of the same age who took inadequate calories.
A child's weight-for-height measure is an indicator of nutritional wasting and primarily reflects severe short term deprivation of food in his/her immediate nutritional history, for example during episodes of disease such as diarrhea or in times of food shortage 25 . Adequate dietary intake is essential for good nutrition. It may, however, not be sufficient, because the presence of disease can result in reduced bioavailability, increased needs, nutrient losses or loss of appetite and can thus be an immediate cause of malnutrition 26 . The prevalence of wasting in this sample could have resulted from the high prevalence of diarrhea and cough/colds resulting in reduced appetite for food. Possibly, some children suffered from more than one infectious disease thus culminating in this high rate of nutritional wasting. They could also have suffered acute food crisis thus becoming severely malnourished.
Limitations of the study
Longitudinal study could have enabled study subjects to be profiled overtime. Hygiene practices could have been over reported as is common with self-reported hygiene practices. Educational level and socio economic status of the children's parents could represent a source of bias.
Conclusion
Consumption of food which is inadequate in required calories and from less than four varieties of food groups by the children were important predictors of malnutrition.
